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Abstract 
Objective: While memory tests are designed to measure the ability to store and retrieve 
information, other non-memory cognitive abilities are required to perform these tasks. 
Demographic factors also impact memory test performance. The purpose of this study was to 
investigate the influence of non-memory cognitive abilities and demographic variables on 
memory test performance in a clinical sample. Method: Participants were 105 patients (54.3% 
female), average age = 46.83 (14.38), average education = 13.83 (2.36), who completed 
neuropsychological evaluation. Stepwise regression analyses were conducted to determine which 
non-memory cognitive abilities and demographic factors accounted for the most unique variance 
in performance on commonly used memory tests. Results: Delis-Kaplan Executive Function 
System Trails Switching accounted for 22-33% of the variance in trials of the California Verbal 
Learning Test-II. Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV) Matrix 
Reasoning subtest accounted for 11-12% of the variance in Logical Memory I and II from the 
Wechsler Memory Scale, Fourth Edition (WMS-IV). WAIS-IV Block Design accounted for 24% 
of the variance in WMS-IV Visual Reproduction I and II and 25-29% of the variance in the 
recall trials of the Rey Complex Figure Test. Conclusions: Non-memory cognitive abilities have 
a stronger influence on memory test performance than demographic factors. In particular, 
executive functions are most strongly associated with auditory-verbal memory performance, 
while visual-spatial/construction abilities are most strongly associated with visual-graphic 
memory performance. When interpreting memory test performance, it is important to be 
cognizant of these non-memory cognitive influences.  
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Demographic and Non-Memory Cognitive Predictors of Memory Test Performance in a Clinical 
Sample 
Introduction 
An inherent element of memory assessment is that adequate functioning of other 
cognitive abilities is required to perform memory tests. The most basic of these is the ability to 
perceive test stimuli. More complex cognitive processes are necessary as well, including 
attention, processing speed, executive functions, and material specific abilities (e.g., language 
abilities for auditory-verbal memory and visual-spatial/construction abilities for visual-graphic 
memory; Lezak, Howieson, Bigler, & Tranel, 2012; Salthouse, 2009).  Various memory test 
formats may place differential demands on these non-memory cognitive abilities (Helmstaedter, 
Wietzke, & Lutz, 2009). In addition, demographic variables can influence memory test 
performance. The clinical challenge, then, is to determine whether an obtained low score on a 
memory test is the result of a true memory impairment, a non-memory cognitive impairment, a 
demographic variable, or a combination of these factors (Ardila & Rosselli, 1989; Holdnack, 
Zhou, Larrabee, Mills, & Salthouse, 2011; Lezak et al., 2012; Loring & Papanicolaou, 1987). 
Thus, accurate clinical assessment of memory requires an understanding of the relative influence 
of non-memory cognitive functions and demographic variables on memory test performance. 
Demographic Influences on Memory Test Performance 
The impact of aging on memory is well-defined in the literature, and there is fair 
agreement that memory proficiency generally starts to decline around 40 to 50 years of age 
(Corral, Rodríguez, Amenedo, Sánchez, & Díaz, 2006; Gallagher & Burke, 2007; Ostrosky-
Solis, Jamie, & Ardila, 1998). However, there is considerable individual variability in normal 
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age-related memory decline (Bak & Greene, 1980; Lezak et al., 2012; Ostrosky-Solis et al., 
1998; Sinnett & Holen, 1999). In addition, age-related declines in memory test performance vary 
for different test formats. Normal age-related declines occur for memory tests that require 
drawing figures (Ardila & Rosselli, 1989; Bak & Greene, 1980; Berry, Allen, & Schmitt, 1991; 
Fastenau, Denburg, & Hufford, 1999; Gallagher & Burke, 2007; Lezak et al., 2012; Meyers & 
Meyers, 1995; Ostrosky-Solis et al., 1998; Sinnett & Holen, 1999; Ylikoski et al., 1998) or word-
list learning (Corral et al., 2006; Delis, Kramer, Kaplan, & Ober, 2000; Sinnett & Holen, 1999). 
However, evidence of age-related memory declines for auditory-verbal narratives is inconsistent, 
with some studies showing age effects on performance (Compton, Bachman, & Logan, 1997; 
Ylikoski et al., 1998) and others not (Bak & Greene, 1980; Ostrosky-Solis et al., 1998; Sinnett & 
Holen, 1999). 
 Gender effects on memory test performance also vary as a function of test format. Studies 
have regularly shown a female advantage on word-list learning tasks (Ardila & Rosselli, 1989; 
Delis et al., 2000; Sinnett & Holen, 1999); a disparity reported to emerge early in development 
(Kramer, Delis, Kaplan, O’Donnell, & Prifitera, 1997) and increase with age (Lezak et al., 2012).  
In contrast, findings for a female advantage on memory tests of auditory-verbal narratives have 
been mixed (Guerro-Berroa et al., 2014; Ylikoski et al., 1998), as they have been for a male 
advantage on visual-graphic memory tests (Ardila & Rosselli, 1989; Gallagher & Burke, 2007; 
Berry et al., 1991; Meyers & Meyers, 1995; Ylikoski et al., 1998). Wiederholt et al. (1993) found 
evidence that advancing age attenuates the male advantage observed for visual-graphic memory 
test performance. 
 Healthy adults who have completed education beyond high school tend to perform better 
on memory tests than adults who have not completed high school (Richardson & Marottoli, 
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1996; Ylikoski et al., 1998). Ardila and Rosselli (1989) found that adults with very low 
education (< 6 years) begin showing declines on the Logical Memory (LM) subtest of the 
Wechsler Memory Scale (WMS) around 50 years of age while groups with higher education (6-
12 and >12 years) showed declines after 65 years of age. Researchers that have failed to find 
education as a significant predictor of memory test performance studied samples with higher 
overall average educational attainment (mean 18.44 and 13.91 years, respectively; Compton et 
al., 1997; Meyers & Meyers, 1995). 
Non-Memory Cognitive Influences on Memory Test Performance 
The following review primarily focuses on the memory measures analysed in this study: 
California Verbal Learning Test, second edition (CVLT-II); the LM and Visual Reproduction 
(VR) subtests of the WMS; and recall trials of the Rey Complex Figure Test (RCFT). For the 
purposes of brevity, the CVLT-II and LM subtest will be referred to as auditory-verbal memory 
measures and the VR and RCFT will be referred to as visual-graphic memory measures. 
Processing speed often has been identified as one of the more significant mediators of 
age-related changes in cognition, including memory (Balota, Dolan, & Duchek, 2000; Salthouse, 
1996). Specifically, coding tasks (including Symbol Digits Modality Test and Digit Symbol 
Substitution Test) are consistently found to have significant correlations with cognitive test 
performance, including memory tests (Park et al., 1996; Park et al., 2002; Salthouse, 1991; Tam 
& Schmitter-Edgecombe, 2013; Verhaeghan & Salthouse, 1997). Correlations with measures of 
processing speed are small to moderate for auditory-verbal memory tests (r = .17-.39; Wechsler, 
2008a; Wechsler, 2008b) and moderate to strong for visual-graphic memory tests (r = .26-.53; 
Meyers & Meyers, 1995; Wechsler, 2008a; Wechsler, 2008b). 
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Executive functions also have a significant association with memory test performance 
(Brooks, Weaver, & Scialfa, 2006; Temple, Davis, Silverman, & Tremont, 2006; Tremont, 
Halpert, Javorsky, & Stern, 2000). Baudoiun et al. (2009) found that an executive functioning 
index (including total categories completed on the Wisconsin Card Sorting Test, WCST, and two 
working memory span tasks) accounted for more of the age-related variance on a free recall task 
(66%) than measures making up a processing speed index (36%), suggesting executive 
functioning measures may be a better predictor of memory test scores than measures of 
processing speed.  
Executive measures of set shifting have small to moderate correlations with auditory-
verbal memory tests (r = .24-.40; Delis, Kaplan, & Kramer, 2001; Wechsler, 2008b) and visual-
graphic memory tests (r = .23-.49; Wechsler, 2008b; Meyers & Meyers, 1995). Individuals with 
higher levels of executive dysfunction (reflected in measures including WCST; Trails B; 
Wechsler Adult Intelligence Scale, WAIS, Similarities; Controlled Oral Word Association Test, 
COWA) performed significantly worse on the CVLT Total Recall and Short Delay Free Recall 
(SDFR) trials; however, they did not differ significantly from individuals with minimal executive 
dysfunction on the Long Delay Free Recall (LDFR) trial of the CVLT or  LM I and II (Brooks et 
al., 2006; Tremont et al., 2000). These findings indicate that executive dysfunction may 
differentially impact patients’ performance on auditory-verbal memory tests, affecting list 
learning more than narrative recall. Executive functioning may also differentially impact 
performance on visual-graphic memory tests, with executive functioning measures (WCST 
Perseverative Responses and Trails B), accounting for a significant amount of the variance (5-
7%) in VR I and VR II, but not the Immediate and Delayed Recall trials of the RCFT (2-3%) 
(Temple et al., 2006).   
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Attention (usually) is necessary for learning and clinical assessment of memory must 
account for it. Structural equation modelling has shown working memory is an important 
construct in explaining age-related variance on free recall memory tasks (Park et al., 1996; Park 
et al., 2002; Verhaeghen & Salthouse, 1997).  Auditory-verbal memory tests have small to 
moderate correlations with WAIS-IV Working Memory Index (WMI) subtests (r = .27-.40; 
Wechsler, 2008a; Wechsler, 2008b) as well as a WAIS-R freedom from distractibility factor 
(including Arithmetic and Digit Span subtests, r = .20-.35; Berger, 1998). LM I and II have more 
modest correlations with the Attention Index of the Repeatable Battery for the Assessment of 
Neurological Status (RBANS; r = .22-.24; Wechsler, 2008b), while CVLT-II scores have small 
correlations with Delis-Kaplan Executive Function System (DKEFS) Trails scores (r = .22-.28; 
Delis et al., 2001).  VR I and II have small to moderate correlations with WAIS-IV WMI 
subtests as well as the RBANS Attention Index (r = .26-.49; Wechsler, 2008b).  In contrast, 
small non-significant correlations (r = .15-.25) were observed for RCFT immediate and delayed 
recall scores and the Attention/Working Memory subtests of the WAIS-R, suggesting working 
memory may be less influential on the RCFT (Meyers & Meyers, 1995). 
Material specific cognitive abilities are essential for adequate memory test performance.  
The strong relationship between visual-graphic memory tests and visual-spatial/construction and 
visual reasoning tests has led some to question whether a “pure” visual memory test actually 
exists (Heilbronner, 1992, p. 105).  In particular, most visual memory tests require visuomotor 
abilities (Heilbronner, 1992; Lezak et al., 2012) and impairment in constructional abilities may 
affect visual memory test performance (Gfeller, Meldrum, & Jacobi, 1995).  Factor analytic 
studies have consistently found that immediate recall trials of visual memory tests have the 
highest loadings on visual-spatial/construction and visual reasoning factors that include tests like 
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Judgment of Line Orientation, RCFT copy, and Perceptual Reasoning Index subtests of the 
WAIS (Berry et al., 1991; Larrabee, Kane, & Schuck, 1983; Larrabee, Kane, Schuck, & Francis, 
1985; Leonberger, Nicks, Larrabee, & Goldfader, 1992). Findings vary for delayed recall trials 
of visual memory tests, with some studies showing higher loadings on a visual-spatial factor over 
a memory factor (Leonberger et al., 1992; Smith, Malec, & Ivnik, 1992) and others showing the 
opposite (Larrabee et al., 1985).  Simple correlations for visual-graphic memory, visual-spatial 
construction, and visual reasoning tests show a pattern similar to factor analyses.  Immediate 
recall trials correlate more strongly with visual-spatial/construction and reasoning tests (r = .33-
.53) than delayed recall trials (r = .32-.45); although, both immediate and delayed recall show 
moderate to strong correlations with visual-spatial/construction and visual reasoning tests 
(Fallows & Hilsabeck, 2012; Meyers & Meyers, 1995; Wechsler, 2008b). 
There has been less research on the association between auditory-verbal memory tests 
and visual-spatial/construction and visual reasoning tasks.  LM I and II have small to moderate 
correlations with WAIS-IV Perceptual Reasoning Index (PRI) subtests and the 
Visuospatial/Construction Index of the RBANS (Wechsler, 2008b, r = .17-.37).  Factor analyses 
found moderate correlations (r = .30-.34) between LM I and II and a WAIS-R perceptual 
organization factor (Berger 1998).  The CVLT-II has small to moderate correlations with 
subtests of the WAIS PRI (r = .26-.51, Fallows & Hilsabeck, 2012, Wechsler, 2008a).    
Tests of auditory-verbal memory are moderately correlated with language tests including 
Vocabulary, Information, and Similarities subtests of the WAIS (r = .30-.45; Berger, 1998; 
Larrabee et al., 1985; Wechsler, 2008a; Wechsler, 2008b), RBANS Language Index (r = .32; 
Wechsler, 2008b), Boston Naming Test (BNT; r = .37-.46; Helmstaedter et al., 2009), and 
semantic fluency tasks (r = .30-.66; Delis et al., 2001; Helmstaedter et al., 2009; Simard, 
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Rouleau, Brosseau, Laframboise, & Bojanowsky, 2003; Wechsler, 2008b).  Visual-graphic 
memory tests also have moderate correlations with language measures.  VR I and II has 
moderate correlations with WAIS verbal subtests (r = .29-.42) and RBANS Language Index (r = 
.46-.52; Berger, 1998; Wechsler, 2008b).  The RCFT also has moderate correlations with WAIS-
R verbal subtests (r = .36-.42; Meyers & Meyers, 1995).  Moderate correlations between visual-
graphic memory and language tests may reflect the potential to verbally mediate designs on 
memory tests. 
Objectives 
In summary, these findings show that both demographic factors and non-memory cognitive 
abilities account for significant variance in memory test performance. However, no studies have 
examined the association of memory test performance with both demographic factors and all the 
non-memory cognitive abilities reviewed above (language, visual-spatial/construction, attention, 
processing speed, and executive functions).  The present study examines the relative influence of 
demographic factors and non-memory cognitive abilities on memory test performance in a 
clinical sample. 
Method 
Participants 
Participants were outpatients seen for neuropsychological evaluation in a 
neurology/neuropsychology clinic where graduate training and research also are conducted. 
Patients were included in the study if they completed subtests of interest from the fourth editions 
of the WAIS (Wechsler, 2008a) and the WMS (Wechsler, 2008b) in addition to the 
neuropsychological measures listed below.  Patients who performed at or below the first 
percentile on more than one delayed recall memory measure (n = 22) were excluded from the 
8 
 
 
 
study to minimize the inclusion of patients with severe memory impairment.  Forty-three patients 
were excluded due to incomplete datasets.  A one-way ANOVA was significant, F(2, 36) = 
12.30, p < .01, indicating that patients excluded from the analyses were significantly older than 
patients included in the study, likely reflecting the increased incidence of neurodegenerative 
conditions in the memory impairment group and the clinic’s practice to administer briefer test 
batteries to older patients from the missing data group.  The groups were not significantly 
different in education, gender, ethnicity, or neurological/medical diagnoses (see Tables 1 and 2). 
The sample consisted of 105 patients (54.3% women) with an average age of 46.83 years (SD = 
14.37; range = 18- 69) and average education of 13.83 years (SD = 2.36; range = 7 – 20). The 
sample was predominantly Caucasian (94.3%). Table 2 shows the frequency of various 
neurological diagnoses or conditions for the participants.  
Table 1 
 
Age and Education Comparisons for Study Sample and Excluded Groups 
 
  Groups   
  
Study Sample 
(N = 105) 
Excluded due to 
Memory  
(N = 22) 
Excluded due to 
Missing Variables 
(N = 43) 
ANOVA 
Variables M SD M SD M SD F p 
Age 46.83 14.38 56.91 18.46 59.40 14.98 12.30 <.01 
Education 13.83 2.36 12.59 2.34 13.86 2.50 2.60 .08 
 
Procedures and measures 
Patients were administered a semi-flexible, comprehensive neuropsychological battery 
including, but not limited to, the measures analysed in the current study. Measures analysed in 
this study included: Animal Naming (Kaplan, Goodglass, & Weintraub, 1983), BNT (Kaplan et 
al., 1983), CVLT-II (Delis et al., 2000), COWA-FAS (Benton & Hamsher, 1976), DKEFS Trail 
Making Test Number-Letter Switching condition (Delis et al., 2001), RCFT (Denman, 1984), 
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and WCST: Computer Version 4 (Heaton, 2003). WAIS-IV subtests included: Similarities, 
Block Design, Matrix Reasoning, Digit Span, and Arithmetic. WMS-IV subtests included: 
Logical Memory and Visual Reproduction. 
Table 2  
 
Gender, Ethnicity, and Neurological Diagnoses Comparisons for Study Sample and Excluded 
Groups 
 
  Groups   
  Study 
Sample   
(N = 105) 
Excluded due to 
Memory 
 (N = 22) 
Excluded due to  
Missing Variables  
(N = 43) 
Chi-
Square 
p 
Gender       
 Male 48 (45.7%) 12 (54.5%) 19 (44.2%) 0.69 .71 
 Female 57 (54.3%) 10 (45.5%) 24 (55.8%)   
Ethnicity       
 Caucasian 99 (94.3%) 21 (95.5%) 38 (88.4%) 8.84b .72 
 Asian American 2 (1.9%) 0 (0%) 1 (2.3%)   
 African 
American 
1 (1.0%) 1 (4.5%) 2 (4.7%)   
 Latino/Hispanic 0 (0%) 0 (0%) 1 (2.3%)   
 Native 
American/ 
Alaska Native 
 
1 (1.0%) 
 
0 (0%) 
 
1 (2.3%) 
  
 “Other” 
American 
1 (1.0%) 0 (0%) 0 (0%)   
 Multiracial 1 (1.0%) 0 (0%) 0 (0%)   
Neurological 
Diagnoses 
and/or injuriesa 
      
 ADHD 14 (13.3%) 3 (13.6%) 4 (9.3%) 0.50 .78 
 Alzheimers 0 (0%) 0 (0%) 1 (2.3%) 2.77b .25 
 Brain Tumor 3 (2.9%) 1 (4.5%) 0 (0%) 2.52b .28 
 CVA 7 (6.7%) 1 (4.5%) 3 (7%) 0.17b .92 
 Hx of 
Concussion 
34 (32.4%) 3 (13.6%) 12 (27.9%) 3.14 .21 
 MS 6 (5.7%) 0 (0%) 2 (4.7%) 2.35b .31 
 Parkinson’s 1 (1.0%) 1 (4.5%) 2 (4.7%) 2.29b .32 
 Hx of Seizures 11 (10.5%) 3 (13.6%) 6 (14%) 0.44 .80 
 Hx of TBI 3 (2.9%) 1 (4.5%) 1 (2.3%) 0.24b .89 
 Multiple DX 30 (28.6%) 6 (27.3%) 11 (25.6%) 0.14 .93 
 No DX 30 (28.6%) 9 (40.9%) 9 (20.9%) 2.88 .24 
aReported neurological diagnoses and/or injuries were based on self-report by participants or 
review of medical history and reflected conditions that were present prior to the 
neuropsychological evaluation. 
bLikelihood Ratio was used since there was no assumption that all cells should have expected 
counts ≥ 5. 
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Results 
As percentile scores in Table 3 indicate, as a group, participants performed within the 
average range on neuropsychological measures.  Raw scores on neuropsychological tests were 
used for all statistical analyses to maximize variability.  Correlation matrices for memory tests 
and demographic variables/non-memory neuropsychological tests are presented in Tables 4 and 
5.  While most of the correlations were statistically significant, they generally were small to 
moderate (Cohen, 1988). Large correlations were found for DKEFS Trails Switching and CVLT-
II Total (-.57) and CVLT-II SDFR (-.55). WAIS-IV Block Design had strong correlations with 
all visual-graphic memory measures (.49 - .54). 
Demographic variables and non-memory neuropsychological measures were entered as 
independent variables into nine stepwise regression analyses with immediate and delayed recall 
trials of the memory tests as dependent variables.  Following a method described by Fallows and 
Hilsabeck (2012) for reducing a large number of independent variables, only neuropsychological 
tests with correlation coefficients ≥ .25 with memory tests were entered into the analyses.  All 
demographic variables were entered into the analyses regardless of correlation coefficient. 
Pre-analysis data screening revealed adequate univariate normality for all variables 
(skewness and kurtosis values < ± 1) except BNT, DKEFS Trails Switching, and the two WCST 
variables.  The following transformations were performed on these variables, which improved 
normality as indicated by skewness and kurtosis values < ± 1: BNT data transformed with a 
reflect log transformation; DKEFS Trails Switching data transformed with a square root 
transformation; WCST Perseverative Responses transformed with a square root transformation; 
and WCST Conceptual Responses transformed with a reflect square root transformation (Laerd 
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Statistics, 2015). Evaluation of Q-Q plots revealed adequate normality for all variables following 
data transformations. 
Table 3 
 
Mean (SD) Raw Scores and Percentile Scores for Neuropsychological Tests (N = 105) 
 
 Variables Raw Scores Percentiles 
Independent WAIS-IV Similarities 27.21 (5.04) 62.49 (27.29) 
 BNT 54.84 (5.00) 49.41 (32.76) 
 COWA-FAS 37.78 (11.64 35.97 (27.84) 
 Animal Naming 20.01 (5.39) 39.60 (27.65) 
 WAIS-IV Arithmetic 14.16 (3.86) 47.77 (29.34) 
 WAIS-IV LDF 6.18 (1.19) 37.82 (27.14) 
 WAIS-IV LDB 4.61 (1.04) 46.39 (23.57) 
 WAIS-IV Block Design 43.85 (11.45) 52.30 (30.18) 
 WAIS-IV Matrix Reasoning 18.13 (4.66) 61.97 (29.84) 
 DKEFS Trails Switching 88.50 (35.40) 51.32 (27.34) 
 WCST Perseverative 15.91 (13.86) 47.91 (31.50) 
 WCST Conceptual Level 62.35 (17.45) 66.04 (22.93) 
Dependent CVLT-II Total 48.47 (10.63) 52.45 (28.92) 
 CVLT-II SDFR 9.88 (3.70) 49.11 (29.99) 
 CVLT-II LDFR 10.62 (3.57) 49.19 (30.35) 
 WMS-IV LM I 22.39 (7.37) 39.05 (30.50) 
 WMS-IV LM II 18.64 (8.09) 38.35 (30.94) 
 WMS-IV VR I 35.37 (5.88) 52.41 (30.11) 
 WMS-IV VR II 25.56 (9.35) 50.90 (28.88) 
 RCFT IRa 35.77 (14.47) 42.40 (30.48) 
 RCFT DRa 34.26 (14.74) 39.64 (30.57) 
Note. BNT = Boston Naming Test; COWA-FAS = Controlled Oral Word Association Test; CVLT-II = 
California Verbal Learning Test, Second Edition; DKEFS = Delis-Kaplan Executive Function Systems; 
LDF = Longest Digit Forward Span; LDB = Longest Digit Backward Span; LDFR = Long Delay Free 
Recall; SDFR = Short Delay Free Recall; LM I = Logical Memory Immediate Recall; LM II = Logical 
Memory Delayed Recall; RCFT IR = Rey Complex Figure Test Immediate Recall; RCFT DR = Rey 
Complex Figure Test Delayed Recall; VR I = Visual Reproduction Immediate Recall; VR II = Visual 
Reproduction Delayed Recall; WAIS-IV = Wechsler Adult Intelligence Scale, Fourth Edition; WCST 
Perseverative = Wisconsin Card Sorting Test Raw Perseverative Responses; WCST Conceptual Level = 
Wisconsin Card Sorting Test Raw Conceptual Level Responses; WMS-IV = Wechsler Memory Scale, 
Fourth Edition. 
aRCFT IR and DR scored using Denman (1984) scoring criteria 
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Table 4  
 
Correlation Coefficients for Auditory-Verbal Memory Measures (N = 105) 
 
 Auditory-Verbal Memory Measures 
 
Predictors 
CVLT-II 
Total 
CVLT-II 
SDFR 
CVLT-II 
LDFR 
WMS-IV 
LM I 
WMS-IV 
LM II 
Age -.43** -.45** -.35** -.19* -.21* 
Gender -.15 -.16* -.15* -.02 .01 
Education .18* .20* .20* .15 .16* 
WAIS-IV Similarities .40** .36** .32** .29** .21* 
BNTa -.19* -.16* -.12 -.28** -.24** 
COWA-FAS .25** .22* .26** .05 .05 
Animal Naming .42** .44** .45** .31** .25** 
WAIS-IV Arithmetic .32** .29** .24** .28** .24** 
WAIS-IV LDF .20* .16* .09 -.004 -.01 
WAIS-IV LDB .26** .32** .27** .11 .10 
WAIS-IV Block Design .28** .27** .25** .24** .24** 
WAIS-IV Matrix Reasoning .34** .32** .29** .34** .34** 
DKEFS Trails Switchingb -.57** -.55** -.47* -.33** -.33** 
WCST Perseverativec -.30** -.23** -.22* -.24** -.28** 
WCST Conceptual Leveld -.21* -.16* -.20* -.12 -.18* 
Note. BNT = Boston Naming Test; COWA-FAS = Controlled Oral Word Association Test; CVLT-II = 
California Verbal Learning Test, Second Edition; DKEFS = Delis-Kaplan Executive Function Systems; 
LDF = Longest Digit Forward Span; LDB = Longest Digit Backward Span; LDFR = Long Delay Free 
Recall; SDFR = Short Delay Free Recall; LM I = Logical Memory Immediate Recall; LM II = Logical 
Memory Delayed Recall; WAIS-IV = Wechsler Adult Intelligence Scale, Fourth Edition; WCST = 
Wisconsin Card Sorting Test; WMS-IV = Wechsler Memory Scale, Fourth Edition. 
aCorrelation coefficient is based upon the transformed BNT dataset used in the analysis. 
bCorreation coefficient based upon the transformed DKEFs dataset used in the analysis. 
cCorrelation coefficient based upon the transformed WCST Perseverative dataset used in the analysis.  
dCorrelation coefficient based upon the transformed WCST Conceptual level dataset used in the analysis. 
*p < .05; **p < .01. 
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Table 5  
 
Correlation Coefficients for Visual-Graphic Memory Measures (N = 105) 
 
 Visual-Graphic Memory Measures 
 
Predictors 
WMS-IV VR 
I 
WMS-IV VR 
II 
RCFT  
IR 
RCFT  
DR 
Age -.29** -.40** -.41** -.43** 
Gender .26** .28** .26** .25** 
Education .18* .22* .11 .14 
WAIS-IV Similarities .31** .25** .26** .24** 
BNTa -.21* -.09 -.13 -.13 
COWA-FAS .08 .13 .12 .17* 
Animal Naming .31** .36** .31** .44** 
WAIS-IV Arithmetic .32** .35** .31** .35** 
WAIS-IV LDF .13 .22* .15 .18* 
WAIS-IV LDB .16 .15 .17* .18* 
WAIS-IV Block Design .49** .49** .50** .54** 
WAIS-IV Matrix Reasoning .41** .41** .44** .41** 
DKEFS Trails Switchingb -.42** -.47** -.39** -.41** 
WCST Perseverativec .34** -.30** -.32** -.28** 
WCST Conceptuald -.17* -.12 -.19* -.14 
Note. RCFT scores based on Denman (1984) scoring criteria. BNT = Boston Naming Test; COWA-FAS 
= Controlled Oral Word Association Test; CVLT-II = California Verbal Learning Test, Second Edition; 
DKEFS = Delis-Kaplan Executive Function Systems; DR = Delayed Recall Trial; IR = Immediate Recall 
Trial; LDF = Longest Digit Forward Span; LDB = Longest Digit Backward Span; RCFT = Rey Complex 
Figure Test; VR I = Visual Reproduction Immediate Recall; VR II = Visual Reproduction Delayed 
Recall; WAIS-IV = Wechsler Adult Intelligence Scale, Fourth Edition; WCST = Wisconsin Card Sorting 
Test; WMS-IV = Wechsler Memory Scale, Fourth Edition. 
aCorrelation coefficient is based upon the transformed BNT dataset used in the analysis. 
bCorreation coefficient based upon the transformed DKEFs dataset used in the analysis. 
cCorrelation coefficient based upon the transformed WCST Perseverative dataset used in the analysis.  
dCorrelation coefficient based upon the transformed WCST Conceptual level dataset used in the analysis. 
*p < .05; **p < .01. 
 
 Data screening was conducted to evaluate the assumptions of stepwise regression for 
each analysis. Linearity was assessed by observation of the partial regression plots and the plots 
of studentized residuals against the predicted values. There was independence of residuals, as 
assessed by Durbin-Watson statistics, which all fell within an acceptable range of 1.5-2.5. Visual 
inspection of a plot of studentized residuals versus unstandardized predicted values revealed 
modest evidence of heteroscedasticity for most of the analyses.  Mertler and Vannatta (2013) 
report that moderate violations of homoscedasticity do not invalidate the analysis; therefore, the 
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regressions were run with the limitation that the observed heteroscedasticity may attenuate the 
results. Initial screening revealed evidence of multi-collinearity between the Vocabulary and 
Similarities subtests of the WAIS-IV (r = .73); Similarities was retained because it measures 
abstraction (an element of executive functions) as well as language ability. Further screening did 
not suggest concerns about multi-collinearity, as assessed by tolerance values greater than 0.1. 
There was an outlier identified in three of the analyses (CVLT-II SDFR, CVLT-II LDFR, and 
WMS-IV LM II); however, evaluation of the leverage, Cook’s distance and Mahalanobis 
distance values did not indicate a need to remove these cases from further analyses. Observation 
of the Q-Q plots for each of the nine regressions showed that the normality assumption was met.  
 As shown in Tables 6-8, DKEFS Trails Switching was the first predictor variable to enter 
the regression analyses for all of the CVLT-II trials. The final predictor models for CVLT-II 
Total and CVLT-II SDFR were identical, with DKEFS Trails Switching, Age, Gender, and 
Animal Naming accounting for 46% of the variance in both CVLT-II Total [R2 = .476, R2adj = 
.455, F(4, 100) = 22.73, p < .001] and CVLT-II SDFR [R2 = .483, R2adj = .462, F(4, 100) = 
23.33, p < .001]  scores. The final predictor model for CVLT-II LDFR [R2 = .373, R2adj = .348, 
F(4, 100) = 14.89, p < .001] included the same predictors as other CVLT-II trials; however, the 
predictors entered the model in a different order and accounted for 35% of the variance in 
CVLT-II LDFR scores. 
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Table 6  
 
Results of Stepwise Regression Analysis for Prediction of CVLT-II Total (N = 105) 
 
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .32 .33 .000 
DKEFS Trails Switchinga -.57 .000    
Step 2   .37 .06 .002 
DKEFS Trails Switchinga -.48 .000    
Age -.26 .002    
Step 3   .43 .07 .001 
DKEFS Trails Switchinga -.50 .000    
Age -.30 .000    
Gender -.26 .001    
Step 4   .46 .03 .030 
DKEF Trails Switchinga -.44 .000    
Age -.27 .001    
Gender -.23 .002    
Animal Naming .18 ..030    
Note. Predictor variables entered into the regression: Age, Gender, Education, WAIS-IV Similarities, 
Controlled Oral Word Association Test, Animal Naming, WAIS-IV Arithmetic, WAIS-IV Longest Digit 
Backward, WAIS-IV Block Design, WAIS-IV Matrix Reasoning, DKEFS Trails Switching, and WCST 
Perseverative Responding. DKEFS = Delis-Kaplan Executive Function Systems. 
aDKEFS Trails Switching was transformed with square root transformation. 
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Table 7  
 
Results of Stepwise Regression Analysis for Prediction of CVLT-II SDFR (N = 105) 
 
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .30 .31 .000 
DKEFS Trails Switchinga -.55 .000    
Step 2   .37 .07 .001 
DKEFS Trails Switchinga -.45 .000    
Age -.29 .001    
Step 3   .43 .07 .000 
DKEFS Trails Switchinga -.47 .000    
Age -.33 .000    
Gender -.27 .000    
Step 4   .46 .03 .012 
DKEFS Trails Switchinga -.40 .000    
Age -.30 .000    
Gender -.24 .001    
Animal Naming .20 .012    
Note. Predictor variables entered into the regression: Age, Gender, Education, WAIS-IV Similarities, 
Animal Naming, WAIS-IV Arithmetic, WAIS-IV Longest Digit Backward, WAIS-IV Block Design, 
WAIS-IV Matrix Reasoning, and DKEFS Trails Switching. DKEFS = Delis-Kaplan Executive Function 
Systems. 
aDKEFS Trails Switching was transformed with square root transformation. 
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Table 8  
 
Results of Stepwise Regression Analysis for Prediction of CVLT-II LDFR (N = 105) 
  
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .22 .22 .000 
DKEFS Trails Switchinga -.47 .000    
Step 2   .30 .09 .001 
DKEFS Trails Switchinga -.36 .000    
Animal Naming .32 .001    
Step 3   .32 .03 .039 
DKEFS Trails Switchinga -.38 .000    
Animal Naming .29 .001    
Gender -.17 .039    
Step 4   .35 .04 .02 
DKEFS Trails Switchinga -.33 .000    
Animal Naming .26 .004    
Gender -.20 .014    
Age -.21 .020    
Note. Predictor variables entered into the regression: Age, Gender, Education, WAIS-IV Similarities, 
Animal Naming, WAIS-IV Matrix Reasoning, DKEFS Trails Switching, Controlled Oral Word 
Association Test, WAIS-IV Longest Digit Backward, WAIS-IV Block Design. DKEFS = Delis-Kaplan 
Executive Function Systems. 
aDKEFS Trails Switching was transformed with square root transformation. 
 
 The final predictor models for the WMS-IV LM I [R2 = .178, R2adj = .162, F(2, 102) = 
11.08, p < .001] and LM II [R2 = .150, R2adj = .133, F(2, 102) = 8.98, p < .001] shown in Tables 9 
and 10 were also identical, with WAIS-IV Matrix Reasoning and Animal Naming accounting for 
16% and 13% of the variance in LM I and LM II scores, respectively.  
Table 9 
 
Results of Stepwise Regression Analysis for Prediction of LM I (N = 105) 
  
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .11 .12 .000 
WAIS-IV Matrix Reasoning .34 .000    
Step 2   .16 .06 .007 
WAIS-IV Matrix Reasoning .30 .002    
Animal Naming .25 .007    
Note. Predictor variables entered into the regression: Age, Gender, Education, WAIS-IV Similarities, 
Animal Naming, WAIS-IV Matrix Reasoning, DKEFS Trails Switching, Boston Naming Test, WAIS-IV 
Arithmetic. 
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Table 10  
 
Results of Stepwise Regression Analysis for Prediction of LM II (N = 105) 
  
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .10 .11 .000 
WAIS-IV Matrix Reasoning .34 .000    
Step 2   .13 .04 .036 
WAIS-IV Matrix Reasoning .30 .002    
Animal Naming .20 .036    
Note. Predictor variables entered into the regression: Age, Gender, Education, Animal Naming, WAIS-IV 
Matrix Reasoning, DKEFS Trails Switching, WCST Perseverative Responses. 
 
 As shown in Tables 11-14, WAIS-IV Block Design was the first predictor to enter the 
regression analyses for all trials of visual-graphic memory tests; however, the final predictor 
models for each trial differed. The final predictor model for WMS-IV VR I [R2 = .339, R2adj = 
.312, F(4, 100) = 12.82, p < .001] included Block Design, WCST Perseverative Responses, 
Animal Naming, and Gender and accounted for 31% of the variance in VR I scores. The final 
predictor model for WMS-IV VR II [R2 = .353, R2adj = .334, F(3, 101) = 18.39, p < .001] 
included Block Design, Age, and Animal Naming and accounted for 33% of the variance in 
scores. Block Design and Age entered into the final predictor model for the RCFT IR trial [R2 = 
.330, R2adj = .317, F(2, 102) = 25.10, p < .001] and accounted for 32% of the variance. The final 
predictor model for the RCFT DR trial [R2 = .438, R2adj = .421, F(3, 101) = 26.23, p < .001] 
included Block Design, Animal Naming, and Age and accounted for 42% of the variance in 
scores.  
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Table 11  
 
Results of Stepwise Regression Analysis for Prediction of VR I (N = 105) 
 
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .23 .24 .000 
WAIS-IV Block Design .49 .000    
Step 2   .27 .04 .019 
WAIS-IV Block Design .43 .000    
WCST Perseverative  -.21 .019    
Step 3   .29 .03 .036 
WAIS-IV Block Design .39 .000    
WCST Perseverative -.19 .033    
Animal Naming .18 .036    
Step 4   .31 .03 .039 
WAIS-IV Block Design .32 .001    
WCST Perseverative -.21 .017    
Animal Naming .21 .016    
Gender .18 .039    
Note. Predictor variables entered into the regression: Age, Gender, Education, WAIS-Similarities, Animal 
Naming, WAIS-IV Arithmetic, WAIS-IV Block Design, WAIS-IV Matrix Reasoning, DKEFS Trails 
Switching, WCST Perseverative Responding 
 
Table 12  
 
Results of Stepwise Regression Analysis for Prediction of VR II (N = 105) 
 
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
      
Step 1   .24 .24 .000 
WAIS-IV Block Design .49 .000    
Step 2   .30 .07 .001 
WAIS-IV Block Design .41 .000    
Age -.28 .001    
Step 3   .33 .04 .017 
WAIS-IV Block Design .37 .000    
Age -.24 .006    
Animal Naming .20 .017    
Note. Predictor variables entered into the regression: Age, Gender, Education, WAIS-IV Similarities, 
Animal Naming, WAIS-IV Arithmetic, WAIS-IV Block Design, WAIS-IV Matrix Reasoning, DKEFS 
Trails Switching, WCST Perseverative Responding. 
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Table 13  
 
Results of Stepwise Regression Analysis for Prediction of RCFT IR (N = 105) 
 
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .24 .25 .000 
WAIS-IV Block Design .50 .000    
Step 2   .32 .08 .001 
WAIS-IV Block Design .42 .000    
Age -.29 .001    
Note. Predictors entered into the regression: Age, Gender, Education, WAIS-IV Similarities, Animal 
Naming, WAIS-IV Arithmetic, WAIS-IV Block Design, WAIS-IV Matrix Reasoning, DKEFS Trails 
Switching, and WCST Perseverative Responding. RCFT IR scores based on Denman (1984) scoring 
criteria.  
 
Table 14 
 
Results of Stepwise Regression Analysis for Prediction of RCFT DR (N = 105) 
  
 
Variable 
 
β 
Significance of 
β 
Adjusted 
R2 
R2 
change 
Significance of 
R2 change 
Step 1   .28 .29 .000 
WAIS-IV Block Design .54 .000    
Step 2   .37 .10 .000 
WAIS-IV Block Design .46 .000    
Animal Naming .33 .000    
Step 3   .42 .05 .003 
WAIS-IV Block Design .40 .000    
Animal Naming .28 .001    
Age -.24 .003    
Note. Predictors entered into the regression: Age, Gender, Education, Animal Naming, WAIS-IV 
Arithmetic, WAIS-IV Block Design, WAIS-IV Matrix Reasoning, DKEFS Trails Switching, WCST 
Perseverative Responding. RCFT DR scores based on Denman (1984) scoring criteria. 
 
 All predictor variables entered into the regression equations in a logical manner. 
Specifically, increasing age, slower processing speed, and increasing perseverative responses 
were associated with lower scores on memory tests.  Higher scores on WAIS-IV subtests and 
Animal Naming were associated with higher scores on the memory tests. Finally, some of the 
analyses showed evidence of possible gender effects, with female gender predicting better 
performance on all of the trials of the CVLT-II and male gender predicting better performance 
on WMS-IV VR I. 
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Discussion 
 Although cognitive tests are designed and used to measure specific neuropsychological 
domains, no test is a pure measure and non-target cognitive abilities are required for adequate 
performance.  Accordingly, to adequately interpret scores on tests designed to assess auditory-
verbal and visual-graphic memory, it is important to know to what extent they rely on non-
memory cognitive abilities.  While demographic factors such as age and education have 
demonstrated effects on memory test performance, few studies have considered the relative 
effects of both demographics and non-memory cognitive capacities on memory test performance.  
The aim of this study was to expand on previous research by evaluating the absolute and relative 
influences of non-memory neuropsychological functions and demographic variables on memory 
test performance in a clinical sample. 
  Correlations obtained in the present study show that auditory-verbal and visual-graphic 
memory measures have strong associations with executive function measures, including DKEFS 
Trails Switching, Matrix Reasoning, and Animal Naming, suggesting that executive functions 
are important for memory test performance. With regard to auditory-verbal memory tests, the 
CVLT-II trials had stronger associations with executive function measures in comparison to the 
LM trials.  Age was also more strongly associated with the CVLT-II trials than LM trials.  While 
both CVLT-II and LM are auditory-verbal memory measures, these findings suggest that the list-
learning format of the CVLT-II is more associated with executive functions than the auditory-
narrative format of LM.  Further, aging effects appear to be more significant for a list-learning 
format.  No significant differences were observed in the correlations between demographic and 
non-memory cognitive test predictor variables and the various visual-graphic memory tests.  This 
is likely due to the similarity in test format, with both VR and RCFT requiring a hand-drawn 
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response, and despite differences in test formats, i.e., timed presentation for VR stimuli versus 
unlimited exposure to the RCFT stimulus and multiple more simplistic stimulus designs for VR 
versus a single more complex stimulus design for RCFT. 
 Considering CVLT-II scores individually, there were no major differences in the 
correlation coefficients between various CVLT-II trials and the predictor variables.  Similarly, 
the observed correlation coefficients were comparable between LM trials.  These findings 
suggest there are not major differences between the immediate and delayed recall trials of each 
of the auditory-verbal memory tests.  In contrast, differences were observed between the 
immediate and delayed recall trials of the visual-graphic memory tests.  Age had a stronger 
association with the delayed recall trial of VR than immediate, which is consistent with the long 
documented finding that visual memory tests requiring drawing are sensitive to aging effects.  
The delayed recall trial of the RCFT had a stronger association with Animal Naming than the 
immediate trial, suggesting at a general level executive functions may be more important for 
delayed recall.  However, the connection between fluency of language based semantic retrieval 
and memory of a complex figure is not obvious, other than the general feature of retrieval 
(Simard et al., 2003). 
 Turning now to examine unique variance, the results of stepwise regression analyses 
showed that executive functioning, as measured by DKEFS Trails Switching, accounts for most 
of the variance in CVLT-II test performance.  Animal Naming and demographic factors account 
for less unique variance in performance.  Although LM is also a measure of auditory-verbal 
memory, the regression analyses of the LM trials indicated that Matrix Reasoning, a different 
type of executive function measure, accounted for most of the unique variance in LM 
performance.  Animal Naming also entered the regression equations for LM, although it 
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accounted for a small amount of variance.  Although these findings suggest that executive 
functions account for most of the unique variance in both types of the auditory-verbal memory 
measures, the type of executive function differs for the two tests.  Set shifting, divided attention, 
and processing speed appear to be most important for the list-learning format of the CVLT-II.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
In contrast, the abilities measured by Matrix Reasoning are more important for learning auditory-
verbal narratives.  Previous research indicates Matrix Reasoning and similar tests of non-verbal 
reasoning (Raven’s Colored Progressive Matrices) may be largely verbally mediated (Baldo, 
Bunge, Wilson, & Dronkers, 2010; Dugbartey et al., 1999).  This underlying verbal mediation 
may explain why Matrix Reasoning emerged as a significant predictor of an auditory-verbal 
memory test. 
 Comparing regression results for the auditory-verbal memory tests, the CVLT-II models 
accounted for more than twice the unique variance in scores than the LM models. Specifically, 
the LM models accounted for only 13-16% of the variance in LM scores, suggesting non-
memory cognitive factors not evaluated in the present study may better account for variance in 
LM performance.  Conversely, LM may be less influenced by non-memory cognitive and 
demographic factors than CVLT.   
 Our study found that WAIS-IV Block Design was the most significant predictor of 
performance on all visual-graphic memory tests, accounting for 23 - 28% of the variance in 
scores, likely attributable to the visual-spatial/construction abilities involved in completing these 
tasks (Heilbronner, 1992; Lezak et al., 2012).  Animal Naming and age also accounted for some 
unique variance in performance on delayed recall trials.  As noted above, Animal Naming and 
visual-graphic memory test may share retrieval in common (Simard et al., 2003). 
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The results of the present study must be interpreted with the following limitations in 
mind. First is sample size.  A general rule of thumb for regression analyses is a ratio of at least 
15 participants per predictor variable (Mertler & Vannatta, 2013).  In our study, only one 
regression model met the minimum requirement of a ratio of 1:15 (LM II). The model with the 
smallest ratio was for CVLT-II Total, which had a ratio of 1:8.75.  Potential consequences of 
violating these recommended ratios are an increased chance of committing a type I error.  Given 
our smaller sample size, it is possible our models over-fit the clinical sample used, which may 
limit the generalizability of the findings to other clinical populations.  For this reason, a cross-
validation analysis using a larger sample is recommended to test the generalizability of our 
results.  
In conclusion, non-memory cognitive abilities had a stronger influence on memory test 
performance than demographic factors.  Executive functions, which are non-material specific, 
were most strongly associated with auditory-verbal memory performance, although different 
types of executive functions were associated with different types of auditory-verbal memory test 
formats.  Visual-spatial/construction abilities, which are material specific, were most strongly 
associated with visual-graphic memory performance.  In clinical assessment, it is important to be 
mindful of these non-memory cognitive influences when interpreting performance on memory 
tests.  
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